Bot flies are common parasites of Peromyscus leucopus, although determination of a cost to the host has been elusive. The goal of this study was to further explore the potential costs of bot fly parasites for a population of P. leucopus. We investigated the effects of parasitism on host condition (mass after controlling for parasite mass and host body length) and survivorship (the number of days animals persisted on trapping grids). Parasitism was quantified by prevalence (proportion of the population infected), intensity (the number of parasites per infected host), and dispersion of parasites within hosts (clumped, regular, or random). In addition, we searched for spatial and temporal patterns in infection. Finally, we analyzed the relationship between population demography and parasitism. Contrary to expectations, we found that infected mice persisted longer on trapping grids and were in better condition than uninfected mice. Also, we discovered that when considering overall infection levels, parasites were clumped within hosts, but when considering the number of simultaneous infections, parasites were randomly distributed among hosts. Although most animals had single infections, there was a high incidence of reinfections, leading to bimodal patterns of parasitism. Prevalence was not correlated with host density, sex ratio, or proportion reproductive, but there were significant relationships between intensity and density and sex ratio in 1 year. In addition, prevalence and proportion of reproductively active animals were asynchronous. These results suggest that bot flies do not impose an obvious cost to their hosts, and hosts may express some degree of tolerance for bot fly parasitism.
Parasitism is a pervasive and important interaction between 2 species, in which one species benefits at the cost to the other. Because of the close association of parasites and their hosts in space and time, parasites potentially affect many aspects of host biology, including individual physiology, behavior, and population demography. The bot fly Cuterebra fontinella is an obligate parasite of the white-footed mouse (Peromyscus leucopus), a common inhabitant of eastern deciduous forests, that relies on mouse hosts to complete its life cycle (Catts 1982) . Gravid bot flies lay eggs in host habitat (Dalmat 1943) , and egg hatching is triggered by an increase in temperature and humidity, usually indicating proximity to a potential host (Catts 1982) . The larva enters the host through the nostril, mouth, or an open wound, and migrates to the inguinal region of the host (Cogley 1991) , where it forms a large swelling, or warble (Miller and Getz 1969) . The period of development within the host lasts approximately 1 month (Cogley 1991) .
Because a developing larva can represent up to 5% of host weight, many researchers have assumed that bot flies impose a cost on their hosts. However, such a cost has been difficult to document. For example, studies of reproductive physiology of infected animals failed to detect a reproductive cost. Although reproductive organs of infected P. leucopus had less mass (Smith 1977b) , infected males had similar seminal vesicles and epididymides and infected females had the same number of corpora lutea as those of uninfected animals (Timm and Cook 1979) . In addition, bot flies use a small percentage of the energy budget of the host, indicating minor costs to host metabolism (Munger and Karasov 1994) .
Studies of host survival have provided counterintuitive results. Removal of parasites had no effect on host survival (Munger and Karasov 1991) , whereas Clark and Kaufman (1990) found that parasitized P. leucopus had longer residence (i.e., survival) times. However, these studies included both transients and residents in analyses of survivorship (Clark and Kaufman 1990; Munger and Karasov 1991) . For accurate assessment of survivorship, only residents should be considered because they are more likely to be infected compared to transients (Hunter et al. 1972; Jaffe et al. 2005) . In a recent study, Burns et al. (2005) confirmed that infected animals survived longer than uninfected animals, after correcting for residence bias.
Although few costs to individuals have been revealed, adverse effects of bot fly parasitism may be manifest at the population level. There is some evidence that bot fly infections negatively affect population growth rates (Burns et al. 2005) . In addition, the proportion of reproductive individuals was reduced in some populations subject to bot fly infection (Brown 1965; Dunaway et al. 1967; Sealander 1961; Wecker 1962 ), but not in others (Burns et al. 2005) . Nevertheless, infestation does not affect length of the breeding season (Munger and Karasov 1991) .
One shortcoming of many studies is that they have only used prevalence, or the proportion of the host population that is infected at a given point in time, to measure parasitism (Brown 1965; Burns et al. 2005; Clark and Kaufman 1990; Dunaway et al. 1967; Goertz 1966; Hunter et al. 1972; Miller and Getz 1969; Smith 1977a; Xia and Millar 1990) . Other measures of parasitism, such as intensity (the number of parasites divided by the number of hosts- Margolis et al. 1982 ) and the distribution of parasites among hosts provide a broader understanding of parasite-host relationships.
Information on the distribution of parasites can be used to identify patterns in infection, such as the frequency of multiple simultaneous infections, or how many individuals escape parasitism. Certain demographic subsets of the population, such as young males or reproductive females, could be more susceptible to parasites, which would be reflected in intensity values. Although the distribution of parasites among hosts has been reported (Hensley 1976; Smith 1977a; Wecker 1962) , this pattern has not been statistically assessed to determine whether parasites are clumped in a small subset of the population or whether parasites are distributed randomly among hosts. These differential effects could alter population sex ratio, survival, or fitness. In combination with prevalence, these measures provide a more complete picture of population-level effects of bot flies.
The objectives of this study were to expand the approach of other studies by assessing the effects of prevalence and intensity of bot fly parasitism on host population measures such as density, sex ratio, reproduction, survival, physical condition, and the distribution of parasites among hosts. If bot flies affect population structure, their distribution pattern among mice would be expected to be nonrandom. Moreover, significant relationships between parasitism and host density, sex ratio, and proportion reproductively active could indicate an effect that parasites have on the host population. In addition, infected mice would be expected to be in worse physical condition and have shorter survival times than uninfected mice if there was a cost of bot fly parasitism.
MATERIALS AND METHODS
Study site.-This study was conducted at East Fork Wildlife Area, Williamsburg, Ohio (39819N, 84849W), a 1,095-ha area reserved for recreational hiking, hunting, and fishing. This area is located at the northeastern edge of East Fork Lake, near the confluence with the east fork of the Little Miami River. The habitat is 2nd-growth eastern deciduous forest, interspersed with agricultural fields and old fields of varying successional stages. Common tree species include sugar maple (Acer saccharum), beech (Fagus grandifolia), red oak (Quercus rubra), white oak (Q. alba), shagbark hickory (Carya ovata), Ohio buckeye (Aesculus glabra), and wild black cherry (Prunus serotina). Undergrowth was dominated by poison ivy (Toxicodendron radicans), Virginia creeper (Parthenocissus quinquefolia), garlic mustard (Alliaria petiolata), multiflora rose (Rosa multiflora), and Amur honeysuckle (Lonicera maackii).
Rodent trapping.-Three 50 Â 50-m grids were established in forested areas during May 2002, and a 4th grid was added in July 2002. Average distance between grids was 0.81 km (range: 0.38-1.39 km). Mice were never observed moving among grids. Each grid consisted of 36 aluminum Sherman collapsible live traps (7.62 Â 8.89 Â 22.86 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida), placed in a 6 Â 6 configuration, with a spacing interval of 10 m. Each site was trapped once weekly from May to November 2002. In 2003, all 4 sites were trapped simultaneously over a 3-night period each month from April to November. In addition, during the peak of bot fly infection (JulySeptember), each site was trapped once weekly. Generally, 2 sites were trapped in a given night, except during the 3-night trapping periods, when all grids were trapped simultaneously. Traps were removed after each night of trapping, except during the 3-night trapping in 2003, when traps were maintained on the grids during the trapping period. Vandalism from northern raccoons (Procyon lotor), striped skunks (Mephitis mephitis), and long-tailed weasels (Mustela frenata) was rare, and any damaged traps were replaced. Traps were set at least 1 h before sunset (1900 h) and checked the following morning (0700-1000 h). During summer (July-September), traps were checked approximately 4 h after sunset, encompassing the period of maximal activity for white-footed mice (Bruseo and Barry 1995) . Time of trap check had minimal effect on capture success: the same proportion of captures was obtained by checking traps in the morning (mean 6 SE: 0.24 6 0.18) as during the night (0.23 6 0.13; t ¼ 0.474, d.f. ¼ 24, P ¼ 0.640). Traps were baited with a mixture of rolled oats and sunflower seeds. Traps were not prebaited. Data recorded for each capture of P. leucopus were sex, age class (adult or juvenile; based on weight and pelage [sensu Layne 1968] ), body mass, body length, tail length, length of hind foot, number of bot fly infections, diameter of respiratory pore of bot fly, and number and condition (recent or healed) of bot fly wounds. Body length, tail length, and length of hind foot were measured only for the 1st capture of an individual; other measurements were taken for each capture of an individual. Diameter of respiratory pore, which increases with the age of the infection, was measured with a dial caliper and was used to determine the approximate number of days that a host had been infected (Cogley 1991) . Body mass of mice was corrected to account for mass of bot fly larvae (Smith 1977a) . Reproductive condition also was recorded, based on the location of testes (abdominal or scrotal) for males or the condition of the vagina (open or closed) and mammae (ascended or descended) for females. Each animal was uniquely marked with a metal ear tag (#1005 Size 1 Monel; National Band and Tag Co., Newport, Kentucky). Animals were released at the site of capture. Other small mammal species captured were immediately released without processing. Animals were trapped and handled following the animal care and use guidelines adopted by the American Society of Mammalogists (Animal Care and Use Committee 1998) , and trapping protocol was approved by the University of Cincinnati Institutional Animal Care and Use Committee.
Statistical analysis.-Animals that were captured at least 5 times over the entire trapping period were considered to be residents (Anderson 1989) ; only residents were used in analyses. Transient mice were excluded from analyses because they were less likely to be infected by bot fly larvae (Hunter et al. 1972 ).
Bot flies were present during summer (July-September) and autumn (October-November; seasons determined by differences in mean daily temperature and precipitation). The effect of season on prevalence (proportion of population infected with bot flies) was analyzed with a paired t-test because of the inherent dependence of the data (the same individuals captured at the same sites in different seasons). If there was a significant seasonal effect, data were separated by season and the potential relationship between an infected individual and its sex, site, year, and reproductive activity was analyzed with logistic regression.
Intensity (number of parasites per infected host over entire bot fly season) was analyzed with a general linear model. Season was entered into the model as a repeated measure, and sex and year were used as independent variables. Site was entered into the model as a blocking factor, because of limited degrees of freedom. Some groups were excluded from this analysis because they contained no infected animals, and intensity would therefore be undefined.
Population size was calculated as the minimum number of individuals known to be alive (Krebs 1999) . Although this index of abundance may underestimate population size because it relies on capture data while ignoring differences in capture probabilities (Pocock et al. 2004) , it was the best index for our purposes. Although statistical methods of population estimation likely would remove this capture bias (Slade and Blair 2000) , they cannot accurately estimate the number of infected individuals independent of capture data. Mean density (minimum number of individuals known to be alive per hectare) across all grids was calculated for each week during the trapping season. In addition, weekly sex ratio was determined by calculating the proportion of males known to be alive in the population. Proportion of the population that was reproductively active each week was determined based on trapping records. The relationship between parasitism (prevalence and intensity) and these parameters was determined using Pearson's correlation analysis.
Two measures of infection were used to ascertain the distribution of parasites within hosts: the total number of bot fly larvae observed in a host over the entire bot fly season, and the maximum number of simultaneous bot fly larvae observed in a host. It was assumed that bot fly infection was a rare event, and therefore would follow a Poisson distribution. Goodness of fit of observed data to a Poisson distribution was determined using a chi-square test. Distribution of bot flies among all individuals was assessed, and then these data were decomposed into groups, based on sex, year, season, and reproductive status. For these tests, a Bonferroni sequential adjustment (Rice 1989 ) was used to maintain the experimentwise error rate at a ¼ 0.05 (Sokal and Rohlf 1981) .
Persistence time of white-footed mice was measured as the minimum number of days known alive, which was the number of days between the 1st and last capture of each individual. These data were analyzed using a general linear model, with sex, year, and infection status as independent variables, and minimum number of days known alive as the dependent variable. Because of limited degrees of freedom, site was included in the model as a blocking factor. In addition, a 1-way analysis of variance was used to assess whether persistence time of white-footed mice with a single infection differed from that of white-footed mice with multiple infections.
Physical condition was assessed by measuring body mass because it could be measured without unduly stressing animals (Jakob et al. 1996) . Host mass was adjusted to account for the mass of the developing parasite. First, the diameter of the parasite's respiratory pore was used to estimate the number of days the host had been infected, based on the regression equation of Cogley (1991) . Second, the age of infection was used to estimate the approximate mass of the developing parasite, based on the growth curve in Smith (1977a) .
However, one problem with estimating condition based on body mass was the high correlation between mass and body length. To control for the effect of body length on body mass, condition was assessed using an analysis of covariance with body length as a covariate (García-Berthou 2001) . Because infection could not be manipulated, weight of individuals before infection was compared to weight during infection, requiring a repeated-measures approach. In the analysis, site was entered as a blocking variable, year and sex were entered as independent variables, and body length was entered as a covariate. Mice weighing less than 15 g and with gray pelage were classified as juveniles (Layne 1968 ) and were excluded from this analysis. In addition, pregnant females were excluded from analyses.
General climatic data were obtained from the National Climatic Data Center, National Oceanic and Atmospheric Administration, from the Milford, Ohio, weather station, located approximately 32 km northwest from the study site. These data were used to investigate any relationships between mean daily temperature and mean daily precipitation and prevalence of infection. These data were used because adult bot flies are sensitive to changes in ambient temperature (Shiffer 1983) . Although changes in soil temperature would affect pupation time, changes in ambient temperature would affect flight behavior, which would have ramifications for successful reproduction of bot flies.
RESULTS
Total captures were biased heavily toward P. leucopus (1,542 captures of 266 individuals). Other species captured included eastern chipmunks (Tamias striatus; 9 captures), northern short-tailed shrews (Blarina brevicauda; 22 captures), a southern flying squirrel (Glaucomys volans), and a long-tailed weasel (M. frenata). Infected P. leucopus were not observed before July during either year. Because of a relatively small sample size, variation in prevalence and intensity was high. Nevertheless, there was a significant seasonal pattern. Prevalence decreased significantly in September in both 2002 and 2003 (Fig. 1A) . Although there was an increase in prevalence after this decline, it was more pronounced in 2002 than in 2003 (Fig. 1A) . Intensity also showed distinct summer and autumn peaks in both years (Fig. 1B) . Prevalence and intensity were significantly correlated in 2002 (r ¼ 0.775, P , 0.001), but not 2003 (r ¼ 0.279, P ¼ 0.247).
A higher proportion of animals were infected in summer (mean 6 SE: 0.70 6 0.06) than in autumn (0.40 6 0.08; t ¼ 2.99, d.f. ¼ 15, P ¼ 0.009), thus we further separated analysis of prevalence by season. For both summer and autumn, there was a difference in prevalence between years (Table 1 ). In addition, reproductively active individuals were more likely to harbor infections than reproductively inactive individuals during summer (Table 1) , although this result is suspect because of the discrepancy in sample sizes between reproductively active (n ¼ 85) and inactive (n ¼ 15) individuals. Intensity of infections was marginally greater in summer (2.72 6 0.47 bots/ individual) than in autumn (1.27 6 0.11 bots/individual; F ¼ 6.15, d.f. ¼ 1, 4, P ¼ 0.068, n ¼ 11; Fig. 1B ). However, there was no effect of site (
, or the interaction between sex and year (F ¼ 0.09, d.f. ¼ 1, 4, P ¼ 0.775, n ¼ 11). This result could reflect the fact that intensity is mathematically undefined for groups with no infected animals, which makes it more difficult to detect differences because variation increases with a decrease in sample size.
Host population density was low in spring (May-June), reached a peak during summer (July-September), and declined into autumn (October-November; Fig. 2A ). Weekly densities of P. leucopus did not vary between years during the bot fly season (July-November; paired t-test: t ¼ À0.92, d.f. ¼ 18, P ¼ 0.364; Fig. 2A ). Density of host populations was not correlated with prevalence for either year (Table 2) , but was significantly correlated with intensity in 2002 (Table 2 ). There was no difference between years for proportion of males in the population (paired t-test: t ¼ À1.395, d.f. ¼ 18, P ¼ 0.180; Fig  2B) . There was no significant relationship between sex ratio (proportion of males) of the population and prevalence in either year (Table 2) , but there was a significant relationship between proportion of males and intensity in 2002 ( Table 2 ). The proportion of reproductive individuals was higher in 2003 than 2002 (paired t-test: t ¼ À9.822, d.f. ¼ 18, P , 0.001; Fig 2C) , but there was no relationship between proportion reproductively active and either measure of parasitism ( Figs. 1 and 2C) .
The total number of bot flies observed per host over the entire bot fly season ranged from 0 to 9, with a mean of 1.76 6 0.22 (n ¼ 90 hosts). Total number of bot fly larvae observed per individual was significantly clumped for all data (Fig. 4A ) and for both sexes, summer infections, and both reproductively active and inactive individuals (Table 3 ). In addition, a high percentage of individuals that developed infections during autumn also were infected the previous summer in both years 
0.034). The percentage of reinfections did not differ between years (v
The distribution of parasites in hosts was random for total number of parasites per host in both years (regardless of season) and autumn (Table 3) . The random distribution in autumn could have resulted from fewer infections and reduced degrees of freedom for this test. On the other hand, the maximum number of simultaneous bot fly infections per host ranged from 0 to 6 infections, with X ¼ 1.12 6 0.12. The dispersion of parasites within hosts was random (v 2 ¼ 4.83, d.f. ¼ 4, P ¼ 0.305; Fig. 4B ). The same distribution pattern was evident for sex, year, season, and reproductive condition (Table 3) . Overall, most hosts (66%) harbored a single bot fly infection at a time.
Infected animals persisted on the study site an average of 42.7 days longer than uninfected animals (Table 4 ), but there was no effect of site, sex, or year (Table 4 ). In addition, there were no significant interactions between year, sex, and infection (year Â sex:
. Animals with multiple infections persisted longer than uninfected animals or animals with single infections (Table 4) .
Individuals of P. leucopus weighed significantly more when they were infected (Table 5) (Table 5 ).
DISCUSSION
Several of the results of this study were counterintuitive to the assumption that there is a cost to bot fly parasitism. First, physical condition increased after animals were infected by bot flies; that is, body mass corrected for mass of the bot fly increased after onset of infection. Laboratory studies have demonstrated an increase in food intake by infected whitefooted mice, presumably to replace proteins lost to the parasite (Hunter and Webster 1974) . In addition, laboratory and field studies demonstrated that uninfected white-footed mice preferred high-energy, low-protein resources (Lewis et al. 2001) . Therefore, unless mice switch preference to high-protein resources during infection, they would have to consume more high-energy resources to replace proteins lost to the parasite. Switching to high-energy resources also would increase their stores of fat, leading to an increase in weight. The 2nd counterintuitive result was that resident animals infected with bot flies had longer residence times than those who escaped infection. Animals infected with bot flies persisted longer on the trapping grids, even after accounting for bias due to residency status (Hunter et al. 1972 ). In addition, animals with multiple simultaneous bot fly infections survived longer than those with a single infection. This finding does not necessarily indicate a causal relationship between infection and survivorship because animals that survive longer may be exposed to parasites for a longer period, and therefore may develop more infections. Further study, using experimental manipulation of parasite loads, would be required to determine if a causal relationship exists (Munger and Karasov 1994) . In addition, Burns et al. (2005) suggested that there may be a trade-off between survival and reproductive output for females. They also found that mice with infections survived longer, but these mice produced fewer litters per year than those that escaped infection.
Another objective of this study was to determine whether bot flies had a negative effect on population demography. Analysis of the distribution of infections within hosts indicated that the distribution of total bot flies observed per host was clumped; that is, some hosts harbored sequential infections of up to 9 bot flies, whereas others avoided infection completely. Analysis of reinfection data supported the idea that previously infected individuals were more likely to become reinfected. However, no demographic group had higher prevalence, suggesting that the clumped distribution of bot flies had no negative effects on demography.
On the other hand, the distribution of simultaneous bot fly infections was random. These results suggested that multiple infections were less frequent than single infections, and most infected individuals (66%) harbored a single bot fly infection at a time, in concordance with other studies of bot fly parasitism (Dunaway et al. 1967; Hensley 1976; Miller and Getz 1969; Munger and Karasov 1991; Scott and Snead 1942; Sealander 1961; Smith 1977a; Test and Test 1943; Wecker 1962) . Such a result was not expected because a single female bot fly can lay as many as 2,500 eggs in host habitat (Catts 1982) . Female bot flies do not lay their eggs directly on the host, so gravid flies cannot avoid hosts that are already infected. Competition may occur between larvae, which is supported by the fact that larvae collected from hosts with multiple infections are of lower mass than those that are collected from hosts with a single parasite (Smith 1977a ). Another possibility is that once infected, hosts alter their behavior to avoid contact with other bot fly eggs. Types of behavior that may achieve this goal include changes in use of space, movement, or grooming. Smith (1978a) suggested that infected mice may spend more time grooming than uninfected mice.
There was no observed relationship between prevalence and density. In many parasite-host systems, prevalence is positively related to density because parasites in crowded populations move between hosts more easily (Altizer et al. 2003; Arneberg et al. 1998 ). However, bot fly larvae are not passed between hosts, which may explain the lack of a relationship between density and prevalence. On the other hand, there was a significant positive relationship between intensity and density. This result could be explained by concomitant seasonal trends in both density and parasitism. Intensity was highest in summer, coincident with a peak in population density. It is also possible that female bot flies alter oviposition rate to track changes in host density, but this is unlikely given the short life span of adult bot flies (Catts 1982) . Alternatively, intensity could increase if infected animals were more susceptible to new parasites, which would occur if individuals in high density populations had reduced immune defenses.
Intensity also was correlated with the proportion of males in the population; that is, there were more males in the population when intensity of parasitism was high. This result implies that females may be more affected by infection than males. However, there was no other evidence of a differential sex effect of parasitism. The same proportion of females were infected as males, females had the same mean intensity as males, and females had the same persistence times as males. The only difference between the sexes was that males gained more weight with infection than did females, implying that females could be less affected by parasitism than males, not more affected. One possible explanation for the inverse relationship between proportion of females and intensity is that females moved less when infected than did males, which would lead to male-biased capture rates. Territory sizes are generally smaller for females compared to males because females defend their nest sites from other females (Wolff 1989) . Therefore, given that intensity of parasitism was equivalent for males and females, females may compensate for infection by reducing their movements, without losing the advantage of high-quality nesting sites. Preliminary analyses of our unpublished data on movements of infected males and females indicated that females moved less.
The analysis of patterns in reproduction and infection raises some interesting questions. In both years, the peak of reproduction occurred in late summer, coincident with a decline in prevalence and intensity. This asynchrony was significant in 2003, but not 2002. This result reflected higher reproduction and lower prevalence in 2003, leading to a greater difference. In addition, prevalence was highest in 2002, the same year that reproduction was lowest. Although such correlations do not imply causality, this result is similar to that of Burns et al. (2005) , who also reported a negative effect of parasitism on reproduction in P. leucopus. To verify an inverse relationship between parasitism and reproduction, which would indicate a clear negative effect of bot fly parasitism, quantification of the number of offspring produced would be necessary. Nevertheless, the results of this study and that of Burns et al. (2005) indicate that negative effect of bot flies on reproduction may exist, and that it merits further attention.
There was significant temporal variation in infection. As in many studies, bot fly parasitism was highly seasonal (reviewed by Catts [1982] ), with the peak of both prevalence and intensity occurring in summer (July-September), with a smaller peak in autumn (October-November). adult bot flies required a temperature of approximately 238C for initiation of flight activity (Shiffer 1983) . Flight is essential for bot fly mating, because males spend most of their time displaying and defending small territories to attract females (Shiffer 1983) . In this study, 57% of the days in the bot fly season of 2002 had a mean daily temperature greater than 238C, whereas only 31% of the days in the bot fly season of 2003 had temperatures over 238C (Fisher's exact test: v 2 ¼ 17.052, d.f. ¼ 1, P , 0.001). Therefore, there were more days in the bot fly season in 2002 during which temperatures were high enough to allow bot fly flight activity, which may have affected parasite reproductive behavior and hence prevalence levels in the host. Climatic factors thus may have had more of an influence on bot fly populations than the number of suitable hosts would suggest.
The bimodality observed in prevalence and intensity may be linked to the life cycle of the parasite. Most hosts in the population are parasitized by midsummer, usually with a single bot at a time. During this period, additional parasites may infect an already parasitized host because suitable uninfected hosts are rare, which leads to an increase in intensity. It is possible for C. fontinella to infect other host species, such as eastern chipmunks (T. striatus), but such infections should be rare because bot flies tend to be very host-specific, and T. striatus is parasitized by another bot fly species, C. emasculator (Sabrosky 1986) . As larvae complete their development and leave their hosts, prevalence drops accordingly, followed by a drop in intensity. After a late summer lull in parasitism, nearly all individual hosts are reinfected (86% over both years), giving rise to the autumn increase in prevalence and intensity. Lower temperatures in autumn may affect hatching rates and larval movement, thus making it more difficult for fly larvae to reinfect hosts, leading to a smaller peak in prevalence and intensity in autumn. Prevalence and intensity were significantly correlated in 2002 but not in 2003, which could be due to the fact that prevalence was lower that year; that is, host saturation was not as ubiquitous as it was in 2002.
Results of this study indicated that bot flies do not negatively affect survival (persistence time) or physical condition of their hosts. The results also indicated that, although bot fly parasitism was prevalent in this population, hosts generally were infected by a single parasite at a time. Even though parasites are clumped within few individuals over the season, there is no evidence of a negative demographic effect. This supports the idea that these species have been in close association for enough time that each species has evolved a tolerance for the other (Timm and Cook 1979) . Some evidence indicates that multiple infections do cause a potential survival cost to the host in terms of increased predation rates (Miller and Getz 1969; Smith 1978b) , although this idea is not supported by the longer persistence times of parasitized mice in this study. The negative relationship between the proportion reproductively active and prevalence may belie a cost, but more data are necessary to document the trend reported here. The fact that a definitive cost to the host cannot be determined brings into question the validity of defining the interaction between bot flies and white-footed mice as parasitism. It is also possible that bot flies may impose a cost to white-footed mice in other aspects of their biology, such as behavior. Further research on the effects of bot fly parasitism on white-footed mouse behavior would help to resolve the nature of this relationship. 
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